| RRADIATION OF FOOD IN
THE RUSSIAN REPUBLIC:
A PRELIMINARY FEASIBILITY
STuDY

AGRIBUSINESSAND
MARKETING | MPROVEMENT
STRATEGIES PROJECT
(AMISII)

PRrRoJECT NO. 936-5457

RICHARD ABBOTT
ABT ASSOCIATESINC.

DR. RICHARD S. GORDON
ARIZONA STATE UNIVERSITY

Submitted to: Submitted by:
USAID/G/IEG/IAFS/AEMD Abt Associates Inc.

Under DNIX-94-16900-KG11 Agribusiness & Marketing Improvement
Contract No. AEP-5457-Q-003061-00 Strategies Project

Project No. 936-5457
USAID/G/EG/AFSIAEMD






TABLE OF CONTENTS

EXECUTIVE SUMM ARY .. e e e e [
INTRODUCTION . ..ttt e e e e e e e e v
1. STATE OF THE ART OF FOOD IRRADIATION TECHNOLOGY
11 Background . . .. ...t e 1
1.2 TheTechnology of Food Irradiation . .......... .. ... i 1
121 Radi@ion SOUMCES . . ...ttt ittt e e e et e e e e e 1
122 Radiaion DOSAgE . . . . oottt e et e 2
1.3  Worldwide Status of the Food Irradiation Industry .. ... 2
1.4  Internationa Practices and Standards for Food Irradiation. . ............ ... ... ... ..., 5
15 Effectsof IrradiaionOnFood . . . .. ... 5
2. CONSUMER ACCEPTANCE OF IRRADIATED FOOD
21 Background . .. ... 7
2.2  Consumer AcceptanceintheU.S .. ... . e 7
2.3  Consumer Attitudes and Experience with Food Irradiation Worldwide ................. 8
24  Current Statusof Food Irradiation. . ........... 9
25  Informd Group Surveysof Russansand UkrainiansintheU.S. . ..................... 10
26  CONAUIONS . .ottt e 11
3. POTENTIAL ECONOMIC IMPACT OF FOOD IRRADIATION IN RUSSIA
3.1  Oveview of the Russan Food DidributionSystem . .. ........... .. ... 12
3.2 FoodDidribution ChannelSinRuSSa . ...t 12
3.3. LossssintheFood Digribution System. . ... ..o 14
34  Causssof Inefficienciesin the State Food Didtribution System . . ... ... ..ottt 17
3.5 Integration of Food Irradiation intotheRussanFood System .. ..................... 17
4. FEASIBILITY OF A DEMONSTRATION IRRADIATION FACILITY IN RUSSIA
A1 INrOdUCHION . . .o e 19
4.2  Potentid Irradiaion ApplicationsinRussa .............. . i 19
4.2.1 Maketability of Irradiated Foods . . ... .. ... 19
4.2.2 Product Throughput VOIUMES . . . .. ..o e e e 20
4.2.3 Alternative Non-Food Itemsfor Irradiation. . .. ............ . ... 20
4.2.4 Potentid Participation of U.S. Food Companies . ..............ccovinnnn.. 21
4.25 Potentid Marketability of First Irradiated Products . ........................ 22
4.3  Sdection of Irradialion SOUMCE . . . .. oot e e 22
4.4  lrradiator DeSgn CongderationS . . . ..o ot 23
45  Critical COtFattOrs . . ..ot 24
4.6  Concdusonsand Recommendations . ....... ...t 26



S. PREPARATION OF THE IMPLEMENTATION PLAN

5.1 IntroduCtion . .. ... e 27

5.2  Ddfinition of Tasksin Preparing the ImplementationPlan . .......................... 27

53 ThelmplementationPhase . ... 31

6. PROPOSED WORK PLAN, STAFFINGANDCOSTS . ... 32
APPENDIX

A. Article “Food Irradiation: Benefits and Concerns’
B. Consumer Acceptance Survey Results

C. Comparative Costs of Gray* Star and Nordion Irradiators.

BIBLIOGRAPHY



EXECUTIVE SUMMARY

Background

Thereis an urgent need to redeploy Russas nuclear scientists, engineers and technicians from wegpons
production to more peaceful pursuits. This need led to a proposa to employ these personsin the
development of food irradiation in Russia utilizing recovered radioactive isotopes from uranium
processing waste.

Objectives

The present study has two objectives. Thefirg isto examine the feasbility of commercid irradiation of
foods as a means of reducing the present very high losses due to spoilage and of reducing food-borne
diseases in Russid sinefficient food didtribution system. We find no mgor impediments to establishing
such a system, but quaify our conclusion in two respects: (1) consumer acceptance of irradiated food in
Russa has yet to be established, raising issues of the marketability of such products within Russia, and
(2) it may not be feasible or desirable to integrate afood irradiator into a Russan-operated food
processing and distribution system asiit presently exigts.

Our second objectiveisto advise on the feasbility of establishing acommercid-scale irradiation facility
somewhere in Russiain order to demongirate the benefits of irradiation, and to establish the technica
and cogt parameters for food irradiation in the Russian Republic. We recommend thet this activity
move to the next phase -- the preparation of an implementation plan for the demongtration irradiator
jointly by AMIS I and NFSMATEK. Russian nationds associated with the project through
NFS'MATEK would beinvolved in the plan preparation. This report includes aplan of action and
estimated cogts for the AMIS 1 portion of the plan preparation.

Technology and Applications

The technology of food irradiation is now well known and appropriate stlandards have been devel oped
by the FAO, World Hedth Organization, and the Internationa Atomic Energy Agency. Thirty-five
countries have gpproved food irradiation of more than 30 different foods, and there are some 55 food
irradiation facilities in use world-wide (though many are for research purposes), including one
commercid-scde plant in the U.S. The foods most commonly irradiated to eliminate the presence of
harmful bacteriainclude poultry, seafood, and mesat, while vegetables and fruit are trested to retard
ripening and extend shelf life. Grainsareirradiated to reduce insect infestation, and spices are
irradiated to Sevilize them.

Consumer Acceptance and Environmental | ssues

The issuance of regulations by the U.S. Food and Drug Administration authorizing irradiation of various
foodstuffs reflects the growing acceptance of food irradiation in the world. It so should assure
consumers that irradiating food with **’Cesium (Cs) and °Cobadlt (Co) is completely safe. No induced
radiation or radiolytic effects have ever been detected from use of these radioactive isotopes. In fact,
minor changes in food congtituents after irradiation are generdly less than for other types of food
processing.



In Russia, consumers are gpparently unaware that a considerable amount of food irradiation aready
takes place in their country. Even farm managers from the southern part of Russa disclam any
knowledge of the very large inlineirradiating facility that existsin Odessato treat grain off-loaded from
ocean transport. While mention of irradiation to Euro-Russians and Ukrainians is an unpleasant
reminder of the Chernoby! disaster, there appears to be less concern about irradiation as one moves
eastward in Russa.

It isunlikely that there will be any environmenta issues incident to food irradiation in Russa since the
process will be carried out in a self-contained and closely monitored system.

Potential Economic I mpact of Food Irradiation

Edtimates of food losses due to spoilage in the Russian state-run digtribution system range from 30 to
50%, and availability isirregular. A pardld digtribution system operated on amuch smaller scae by
private farmers and merchants ddlivers better quality food but at much higher prices than the subsidized
date system. Thus the Russian consumer faces qudity, availability, and price problems. Hedlth
problems from contaminated food caused by unsanitary conditions in food processing, shipment and
storage probably aso occur, dthough no data on this matter was available for the study.

Integration of food irradiation into the Russan food system, both state-run and private, has the potentia
to: (1) reduce losses due to insect infestation, (2) extend shelf life of perishable crops by retarding
ripening, (3) retard sprouting of root vegetables, (4) control pathogenic bacteriain meat and fish, and
(4) erilize foods such as egg powder to alow extended storage.

Recommendations:

(2) The project should move to the next phase -- the preparation of an implementation plan for a
demondration food irradiation facility to be indaled somewhere in Russa

(2) The selection of productsto beirradiated and the location for the irradiator -- key eementsin the
proposed plan -- should be doneif possible with Western food processing companies already
operating in Russia because: (a) these environments are most likely to provide the qudity control of
incoming and finished product which is essentia to demondtrating the efficacy of food irradiation, (b)
some of these companies sl their products in export markets which readily accept irradiated foods, as
well as domesticaly in Russia, offering the opportunity for the broadest possible market testing of the
output from the facility, and (c) processing plants operated by Western companies generdly handle high
volumes of food on ayear-round bas's, conditions which are necessary to establish the commercia
viability of afood irradiator.

(3) Theuseof *¥"Cesium source is recommended for the development of food irradiation in Russia
because (a) large quantities of this isotope can be recovered from accumulated nuclear waste, known
to be present in Russa, (b) alarge number of Russian nuclear technicians can be employed in preparing
the isotope in usable form, (c) the low leve of radiative emission of *3'Csleads to salf-contained



irradiators, requiring aminimum of monitoring, (d) the 30 year haf-life of **’Cs requireslittle
recdibration of theirradiator, and (€) the Russans might have an interest in an American designed **'Cs
proprietary irradiator now being fidd tested. The latter unit is being fabricated in the U.S. by the well-
known firm of Babcock and Wilcox who aso have fabrication facilitiesin Russa. Accordingly thereis
some possibility of moving expeditioudy if Babcock and Wilcox and the Russians can work out a
suitable arrangement.

(4) The implementation plan for ademondtration irradiator should be prepared jointly by the AMISII
Project and Nuclear Fud ServicesMATEK. AMISII would be responsible for those parts of the plan
which relate to applications and specifications for the demongration facility, while NFSMATEK would
be responsible for those parts which relate to the desgn, fabrication, inddlation and operation of the
irradiator.

(5) Initid tasks to be undertaken by AMIS 11 during the plan preparation would include:
C identification of potentid U.S. food company participants,

C consumer acceptance surveysin Russia, and

C determination of the generd parameters of the irradiator.

(6) Following completion of thiswork, the AMIS I team would make a presentation of its findings to
NFSMATEK. Decisonswould next be made on where and how the irradiator would be built and on
its preferred location. Estimates could then be prepared of the cost of fabricating, ingtdling, and
operating the unit.

(7) The next phase of the project -- implementation of the plan for a demondration irradiator -- would
be carried out jointly by AMIS I and NFS'MATEK. It will include reaching agreement with one or
more food processors (probably including American food companies) and developing technical, cod,
and operating specifications for the unit.  The fina step will be the preparation of abusiness plan by
NFS'MATEK to be used as a basis for attracting the participation of investors from Russiaand other
countriesin the venture which will own and operate the demongtration irradiator.



INTRODUCTION

Under a February 1993 agreement between the governments of the United States and Russig,
the U.S. is purchasing 500 metric tons of weapons-grade Highly Enriched Uranium (HEU) to be
supplied as reactor fud-grade Low Enriched Uranium (LEU). Based on the “Project Plows’ concept
developed in 1991 by Nuclear Fud ServicesInc., it was decided that ajoint U.S.- Russian enterprise
would be respongble for this downblending, and that the resulting LEU would be purchased by the
U.S. Enrichment Corporation (USEC), an enterprise established by the U.S. Department of Energy in
1992. ThisU.S.- Russan joint venture, chartered in June 1994 as the joint sock company “MATEK”,
brings together a number of Russian organizations and the U.S. companies Nuclear Fud Services
(NFS) and Allied Signa Incorporated (ASl). The purchase of the downblended uranium is expected
to generate about $12 hillion in revenue for the Russan governmen.

The Project Plows concept recognized the importance of providing useful employment for
Russan nuclear scientigts, for educating Russansin private enterprise, and for improving nuclear safety
and environmenta controls. While downblending of uranium will initidly take place in Russa,
MATEK’s objectiveisto progressvely downblend in both the U.S. and Russain order to expedite the
conversion of weapons materia to a non-weapons form.

In late 1994, Mr. Paul Schutt, President of NFS, proposed that some of the funds generated by
the sdle of LEU be usad to establish a network of food irradiation facilitiesin Russia (and potentidly in
other sates of the NIS). Not only would this be a useful and productive way to provide additiona
employment for Russan scientigts, but it could potentidly contribute substantialy to reducing the very
high lossesin the food digtribution system, thus increasing the availahility of food to the Russan
population. Mr. Schutt proposed to the U.S. Agency for International Development that funds be
made available for astudy of the feasibility of establishing commerciad-scde food irradiation facilitiesin
Russa

Asafirg step in that process, the ENI Bureau of USAID requested the AMIS I Project to
cary out apriminary study of the feasibility of commercid food irradiation in Russa. The intention
was, if findings were positive, that the study could be used as a basis for obtaining additiona funds for
carrying out the full-scale feasibility study. Responding to that request, this study was carried out by
Richard D. Abbott of Abt Associates, the AMIS I prime contractor, and Dr. Richard S. Gordon of
Arizona State Universty, subcontractor to Abt.

The authors gratefully acknowledge the advice and comments of Mr. Paul Schutt of Nuclear
Fud Servicesin preparing the study. Mr. John Lightfoot, AMIS Il Project Director, provided
management oversight for the project. At USAID, we received helpful feedback at various pointsin
the preparation of the report from Messrs. Charles Uphaus and Steve Szadek of ENI/ED/AG, and
from Tom Mehen of the Globa Bureau.



1. STATE OF THE ART OF FOOD IRRADIATION TECHNOLOGY
1.1 Background

Food irradiation has gained worldwide acceptance. According to an Internationa Atomic Energy
Agency (IAEA) report!, hedth and safety authorities collectively have approved irradiation of more than
30 different foods in 35 countries. Twenty-one of these countries are actualy applying the process,
according to the IAEA, including one commercid-scade plant in the U.S. Standards for food irradiation
have been developed by the FAO, World Hedlth Organization, and the International Atomic Energy
Agency. Thefoods most commonly irradiated to eiminate harmful bacteriainclude poultry, seafood, and
medt, while vegetables and fruit are treated to retard ripening and extend shdf life. Grains are irradiated
to reduce insect infestation, while spices are irradiated to serilize them.

Internationd interest inirradiationislargdy related to mounting concerns over food-borne diseases.
Perggtently high food lossesfrom infestation, contamination and spoilage, aswell asagrowing internationa
trade in food products that must meet tiff import standards of quaity and quarantine, are areas in which
food irradiation has demonstrated practical benefits.

It iswell documented that ionizing radiation is differentidly absorbed by biologica materid. Over
the last few decades it has been shown that irradiating foodstuffs can reduce or diminate contamination
and/or infestation by undesirable bacteria, fungi, insects, or other living biological materid.

I rradiation of food in most industridized countriesisincreasing with little organized oppogtion from
consumer groups. Evenintheformer Soviet Union, it isreported that alarge amount of food is"informaly”
irradiated, in addition to the irradiation of wheat and other grainswhich is"officidly" reported. Sengtivity
to public opinion, which has made U.S. food producers and merchants so "gun-shy", appears to be
relatively inconsequentia in countries such as the Netherlands and France. Thus it gppears that the world
market place has encouraged this new technology -- the gpplication of nuclear scienceto food irradiation
-- to develop fagter dsawhere in the world than it hasinthe U.S.

1.2 The Technology of Food Irradiation
1.2.1 Radiation Sour ces

Only gamma rays from %°Cobalt and **’Cesium, X-rays generated by a machine at a maximum
energy of five megavolts, or eectrons generated by a machine a maximum energy of 10 megavolts, can

be used for food irradiation. The reason is that energies from these sources are much too low to induce
radioactivity in food (or any materia) exposed to them.

IAEA, Cost-Benefit Aspects of Food Irradiation Processing, Vienna, 1993
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Electron generators, even smal units used for research, have so far proved unable to withstand
prolonged use and are expensive to operate. *°Cobalt is much more prevaent in the U.S. and Western
Europe. However, certain peculiarities of Russian nuclear technology (described below) will favor the use
of 1¥’Cesium for food irradiation. While somewhat lower in energy of emission than ®Co, $¥’Cshasamuch
longer hdf life then ®°Co, permitting much longer use than ®Co. Irradiators containing ®Co need to be
recaibrated on afairly frequent (monthly) basis because of the continuing decay, and concomitant |oss of
radiative energy, of thisisotope.

1.2.2 Radiation Dosage

Radiation dosage refers to the quantity of radiation energy absorbed by a food as the radiation
passes through the food in processing. Radiation dosage is now usudly measured by a unit cal the gray
(Gy) , dthough the rad was used in the older literature (1 Gy = 100 rads). By 1990, internationa hedlth
and safety authorities had endorsed the safety of irradiation of al foodsfor dosage levels up to 10,000 Gy
(10kGy). Thisisthe amount of radiation energy equd to the hegt required to raise the temperature of water
2.4 degrees Centigrade. Virtually al current applications require dosages of lessthan 10 kGy. It should
be noted thet radiative derilization of food generaly requires levels of radiation not covered by the 1990
blanket gpprova. This meansthat specific country clearance for Serilization isrequired on a product-by-
product basis. In the Netherlands a reasonable clearance processisin place. In other countries, including
the U.S,, it fill appearsto be difficult to secure clearance for radiative levelsin excess of 10,000 Gy.

All irradiation facilities must be licensed, regulated and inspected by national safety and hedlth
authorities, most of whom base their rules upon the agreed-upon international standards and codes of
practicejointly established by the|AEA, FAO and WHO. The American Society for Testing and Materid
(ASTM) hasissued dosmetry standards for food irradiatior?. They are published annualy in the Annual
Book of ASTM Sandards aong with such amendments as have passed review. The guide "provides the
basis for selecting dosmetry systems used to measure absorbed dosein gamma-ray or x-ray fidldsandin
electron beams used for radiation processing of food."

1.3 Worldwide Status of the Food Irradiation Industry

An authoritative summary of food irradiation is contained in a 1990 journd article by Dr. D.W.
Thayer of the U.S. Department of Agriculture®. Reviewing the use of irradiation on grains, dried spices,
vegetables and fruit, fish, poultry and red mests, Dr. Thayer concludesthat the evidence supportsthe safety
and efficacy of usng ionizing radiation onfoods. The full document isincluded in this report as Appendix
A..

ASTM Standard E-1261-88, Standard Guide for Selection and Application of Dosimetry Systems for
Radiation Processing of Food

D.W. Thayer, Food Irradiation: Benefitsand Concerns, Journd of Food Qudlity, #13, (1990), pgs 147-
169



Table 1.1, taken from an FAO/IAEA Food Irradiation Newdetter, lists clearances granted for
various foods by nationd authorities, together with permitted doserates, for Russia, Franceand the U.S.
Russan (thenthe USSR) gpprova for irradiation of food was granted largely in the 1960s. Therest of the
world began issuing provisiona permitsin the 1980s. In 1987, four countries - Canada, China, Cubaand
France - each ingtaled at least one demongtration or commercia food irradiation facility. Commercid
operating authority was firmly established by the end of the decade, particularly after the U.S. cleared
irradiated foodin 1987. Asseeninthetable, irradiation of spiceand smilar dried food specidtieshasbeen
approved for a decade or more for use in Europe and the U.S. It was reported to us by users that, no
meatter where grown, the vast mgjority of such productsareirradiated in France before further distribution.

While reports vary, there appears to be a consensus that, by 1993, about 55 food irradiation
fadilities were operating around the world. In the U.S. there are a number of laboratory or smal scale
irradiation facilities but, to our knowledge, as of 1995 the Food Tech fadility in Horida is the only onein
the U.S. capable of handling truckload quantities of produce, meet or poultry. This facility was privady
congtructed by a group of citrus growers in the Orlando-Tampa area. Currently it is being used to
demondtrate efficacy and irradiation economicsfor avariety of meset, poultry, fruit and vegetable products
instead of being dedicated soldly to citrus or any other one use.

Through the present (1995), the US radiation processing industry is largely involved with
derilization of medica supplies and equipment. Much of the radiation processing equipment and facilities
in the U.S. are designed and manufactured by one Canadian company, Nordion Company. This same
company, under license from the Canadian Nuclear Authorities, dso manufactures®®Cobalt from>°Cobalt.
Nordion supplies about 90% of the North American market for ©°Cobalt.

Two recent eventsaccd erating U.S. industry adoption and consumer acceptance of food irradiation
are 1) outbreaks of Salmonella and E-coli contamination of poultry and dightly-undercooked meet and,
2) the imminent banning of methyl bromide as acrop fumigant.

In generd, there appears to be a consensus in the food industry that, by the end of the century,
irradiation of "main digh” itemsin the U.S. will be commonplace. On the other hand, levels of irradiation
permitted in the U.S. dso reflect a complex and sophisticated food distribution infrastructure which
safeguardsfood quaity from producer to consumer. Such asystem doesnot existin Russa. Animportant
issue, explored later in thisreport, iswhether it may be necessary to usehigher levelsof irradiationin Russa
due to the higher potentia levels of food contamination.

Tablel1.1

Irradiation Clearances | ssued by Authoritiesin Russia, France, and the U.S.
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Product

Russia
Potatoes
Grains
Dried fruits

Dried food concentrates

Onions

Beef/pork(semi-prepared)
Prepared meat products
Poultry(eviscerated)

France

(asof August 1991)

Purpose

Sprout Inhibition

Insect Disinfestation
Insect disinfestation
Insect disinfestation
Sprout inhibition

Shelf-life extension*
Shdlf-life extension*
Shdf-life extension*

Potatoes, onions, garlic  Sprout inhibition**

Spices, aromatics

Gum arabic

Dehydrated vegetables
Poultry meat (de-boned)
Dried fruit & vegetables

Strawberries

United States

Wheat and wheat flour

White potatoes

Spices, dry seasonings
Dry or dehydrated enzymes

Pork carcasses
Fresh fruit
Poultry

*  Experimenta batches only
** Provisond approval

Source: FAO/IAEA, Supplement to Food Irradiation Newsletter, Vol.

Decontamination
Decontamination
Decontamination
Decontamination
Insect disinfestation
Shelf-life extension

Insect disinfestation
Shdf-life extenson

Dose Permitted

(kGy)

0.3

0.3

1.0

1.0
0.06
6.0-8.0
8.0

6.0

0.075-0.15
11.0
9.0
10.0
5.0
1.0
3.0

0.2-0.5

0.05-0.15

Decontamination/Insect disinfestation 30

Control of insects
Control of Trichinella
Delay of maturation

Decontamination

10
0.3-1.0
1.0

3.0

1964

1972

1963

1985

1990

Approval Date

1973
1959
1966
1966
1973

1967
1966

1983
1985
1985
1985
1988
1988

1965
1983
1985

1986

15, No. 2, Oct. 1991.



1.4 International Practices and Standardsfor Food Irradiation

Impetus for gpprovasof food irradiation by various nationd hedlth and safety authorities camefrom
the 1983 adoption of aworldwideirradiation standard by the Codex Alimentarius Commission, ajoint
body of the Food and Agricultural Organization (FAO) and World Hedth Organization (WHO),
representing 130 countries, which sets and coordinates globa food standards.

The lAEA regularly disseminates relevant information concerning food irradiation. Itspublications
include lists of countries that are using or plan to use food irradiation technology. It has issued a number
of bulletins which describe how the technology works. The agency convenes meetings and publishes
reports on proceedings, and it summarizes reports on results of internationa scientific research and testing
and recent market trids of irradiated food. It aso reviews relevant aspects of internationa trade. With
respect to food safety, this areais one which the IAEA operates joint programs with the FAO. It is one
of many fiddsin which the IAEA assigts countriesin their efforts to apply nuclear technologies for socid
and economic development.

The U.S. hasdeveloped itsown irradiation practicesand standards. However, thereare Sgnificant
differences between the nuclear situation in Russaand the U.S. Inthe case of the project discussed in this
report, it isfdt that it would be amistake to ingst on U.S. practice or standards for Russia, provided, of
course, that the desired effects are obtained in a safe and acceptable way, with no increase in hazard to
the Russan plant worker or consumer. Although the technology is known in the U.S,, there has been no
plant-scale operating experience in the U.S. which might be gpplicable in Russia, such as the use of
137Cesum instead of *°Cobalt in commercid irradiators.

However, there are some innovative American technologies not now being used inthe U.S. which
might be usefully gpplied immediately in Russia. As long as such technologies meet internationa safety
gandards, it will be important not to superimpose the prolix U.S. gpprova and licensng process on any
proposed operation. Unfortunately, the conservative U.S. regulatory process often appears to foreign
observers to be designed mainly to insure that the U.S. nuclear industry and regulators are "blame-freg”.
Onthe other hand, the Russian project, should it go forward, must ensure acceptance of gppropriate safety
and regulatory measures in away which will not unduly burden the cregtion of a useful indudtry.

1.5 Effectsof Irradiation on Food

Food scientists have studied the effect of irradiating foods over many decades. Process benefits
are well identified, as well as limitations. Most foods, including fruits, vegetables, seafood, mests, and
grans, are suitablefor radiation processing. However some, such asdairy products, arenot. To datethere
is"no substantiated evidence to confirm fearsthat irradiated foods are harmful to est or that they will cause
adverse hedlth effects over time'.




A joint WHO - FAO publication summarized the results of major studies on the effects of
irradiation on food. The main points are summarized below.

Chemical compounds. At low dosagesit isdifficult to detect chemical changein irradiated food.
At higher dosage levels, such as required for meat, many chemica changes can occur; some sugars,
vitamins and other nutrients arelost or chemically dtered. Since Smilar losses or dterations occur in other
foods that have been processed by other techniques these changes are not considered unusual or
dangerous.

Microbiological changes. Graded dosages of radiation produce graded responsesin microbia
organisms starting with growth retardation at low dosages, then injury and, at higher dosages, degth,
meaning thefood is effectively serilized. Radiation sterilized food products can be sedled and safely stored
a room temperature in the same way that conventiona canned foods may be stored. Extensive research
has not been able to produce any evidence that irradiation of microorganisms produce mutant strains that
"warrant concern”. Microbid survivors of irradiaion are injured enough so as to be more susceptible to
heat or cold killing. This explains why, on a case by case basis, radiaion levels in excess of 10 kGy to
achieve gerilization has been approved, mostly in Western European countries.

Other changes. The taste and smell of most foods are not noticeably affected. Dairy productsare
the exception; virtudly al irradiated milk products develop off-flavors or undesirable smdlls, even at low
dosages of radiation. On the other hand, there are no documented changes in nutritiond qudity in foods
that would not be expected from any oxidative process (in this case, activated e ectrons) introduced into
oxidation-prone media containing certain fat-soluble vitamins, pigments, unsaturated fats, etc. Ordinarily
such losses are easy to measure and easily compensated for.

WHO/FAO, Food Irradiation: A Technique for Preserving and Improving the Safety
of Food” , 1992.



2. CONSUMER ACCEPTANCE OF IRRADIATED FOOD
2.1 Background

Asdiscussad in other partsof thisreport, the benefits of food irradiation may be summarized under
two headings: economic (reduced losses dueto spoilage), and public health (remova of disease-causing
pathogens in food, replacement of banned fumigantsin killing various plant pathogens). These undoubted
benefits tend not to be understood by a public generdly ill-informed about irradiation and frightened by
unfounded clams of hedth hazards by vociferous advocacy groups, especidly in the United States.

The main purpose of this chapter is to review worldwide experience with consumer acceptance
of food irradiation, epecidly for lessons which might be rdevant to Russa.  Since more work on this
subject hasbeen donein the United Statesthan in any other country, and because government policiesand
consumer atitudes in other countriestend to be influenced by what happens here, the chapter beginswith
areview of rdevant U.S.studies and experience. The following section looks at experience worldwide.
For the states of theformer Soviet Union, weare not aware of any relevant studies, and available resources
did not permit any kind of rigorous survey to be carried out there. Asapreliminary indication of consumer
acceptance among aspeciaized group, we carried out afocus group discuss on among agroup of Russian
and Ukrainian scholarsin resdence at Arizona State University. Resultsarein Section 2.4.

2.2 Consumer Acceptancein the United States

Numerous polls, surveys, and focus group discussions of consumer acceptance of food irradiation
have been conducted in the United States since 1984. Despite scientific evidence of the sefety of irradiated
food, consumer exposure to irradiated foods in the U.S. during the last decade has been quite limited --
due in part to cost condderations but aso to the opposing viewpoints of various advocacy groups
gopearing inthe press.  This limited experience possibly accounts for the fact that surveys often produce
conflicting results. For example, one nationwide survey in 1989 found that 60% of those surveyed had
heard of irradiation, whereas a 1990 survey reported only a 25% awareness. A 1989 nationwide survey
showed that 44.5% of respondentswerelikely or very likely to purchaseirradiated products, while surveys
in 1984 and 1986 onacceptance of irradiated fish productsfound that two-thirdswerewilling to purchase
them. Some studies found that haf the consumers surveyed want more information before they arewilling
to purchase, while others showed that only about 25% thought they had too little information.

Withinthelast few years, moreirradiated food products are appearing in storesand consumersare
becoming more aware of them. Consumer viewson food irradiation now tend to be expressed within the
context of food safety in general. Consumers express an equal or greater concern about the safety of food
additives, pesticide residues, growth hormone residues, and antibiotic resistant bacteria as they do about
irradiation.® Reinforcing that trend is heightened interest in finding dternative methods of reducing food-

“Social Demographic and Attitudinal Determinants of Consumer Acceptance of Food Irradiation”,
Sapp, Harrod and Zhao, in Agribusiness. Vol. 11, No. 2 (1995), page 118.
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borne pathogens in meet, poultry and fish dueto recent cases of illness and death caused by contamination
of thesefoods. The impending ban on the use of methyl bromide as a fumigant for grain, fresh fruit and
vegetables has likewise increased interest in the use of irradiation as an dternative.

Experience with the marketing of irradiated chicken in the U.S,, beginning in 1992, provides an
indructive case study in consumer acceptance. Poultry is of particular interest due to recent incidents of
poisonings from salmonella- tainted chicken.

INn1992, following FDA approvd of irradiated poultry and publication of regulationson the process
by the USDA, a Horida-based company began commercia-scae production of irradiated poultry. The
plant operator, Food Technology Services of Mulberry, Florida, now marketsirradiated chicken under the
Nation’ s Pride label to afresh foods supermarket in suburban Chicago and anindtitutiona food distributor
in Horidawhich sdllsto hospitals and long-term care facilities.  The supermarket, Carrot Top, has had
excdlent results with consumer acceptance of the product, following successful marketing by the store of
irradiated strawberries. The company began by running articles on irradiated poultry in a customer
newdetter sressing the benefits of eradicating harmful bacteria.  Extended shdlf-life of the product was
conddered aside benefit. Consumer acceptance was excdllent; salesof poultry haveincreased 75% since
theirradiated product was added, and the store has stopped carrying unirradiated poultry.

This“freshfood” type of store can be expected to have arather specid, hedlth consciousand well-
informed clientele. Thus, publication of factua information on irradiation through the store’ snewdetter had
apogtive impact on consumer attitudes.

2.3 Consumer Attitudes and Experiencewith Food Irradiation Worldwide

The use of food irradiation asamethod of processing and preserving food ismorewidely accepted
in other countries than in the United States. By 1988, hedth authorities in 35 countries had approved
irradiation of more than 30 foods, including grains, spices, fruits and vegetables. Twenty-one of these
countries were actualy applying the process and eight others had plans to do s0.° The very high food
losses experienced in developing countries provided astrong impetusfor theintroduction of theirradiation
process, and led to joint efforts of the FAO, IAEA, and WHO to promote its use in these countries.

Consumer views on food irradiation are expressed within the context of food safety in generd.
Thereisan equa or greater concern about the safety of food additives, pesticide residues, growth hormone
residues, and antibiotic resistant bacteria.’

The World Hedth Organization has been at the center of public debate on food irradiation for many
years. In 1980, an Expert Committee on the Wholesomeness of Irradiated Food found that “food

International Atomic Energy Agency, IAEA News Fegtures, Vienna, Dec. 1988.

Sapp, Harrod and Zhao, page 118.



irradiated up to an overall absorbed dose of 10 kiloGray (kGy) presents no toxicologica hazard and
introduces no specia nutritional or microbiologica problems’.®  In 1983, the Codex General Standard
for Irradiation of Foods was adopted by the Codex Alimentarius Commission. In 1992, an expert pand
reviewed over 200 studies and concluded that when carried out under existing Good Manufacturing
Practices, “the process of irradiation will not introduce changes in the compostion of food which can
produce, from atoxicologica point of view, an adverse effect on human hedth.”® The WHO pressrelease
guoted here went on to note that public acceptance of food irradiation isidentical to that which took place
at the turn of the century with respect to pasteurization, now taken for granted by everyone.

2.4 Food Irradiation Facilitiesin Use

An important indicator of public acceptance of irradiated food outside the United States is the
number of exigting irradiation facilities dready gpproved and operating. Asof 1988, 26 full-scae or pilot-
scale commercid facilities were operating in eighteen countries (including the U.S.) and an additiona 30
units were under construction or being planned.’® As noted above, by 1993 there were a reported 55
facilities operating worldwide, induding the U.S.*

Spices and dehydrated vegetables areirradiated to removeinsect contamination in many countries,
induding Argentina, Belgium, Brazil, Canada, Chile, Denmark, Finland, France, Germany, Hungary, |srad,
Korea, Netherlands, Norway, South Africa, the U.S,, and Y ugodavia.

Largetonnagesof grain areirradiated at the port of Odessa, in Russia, to diminateinsect infestation
inimported products. While there are officialy no other approved irradiatorsin Russa, unofficialy some
30 units are said to be operating on avariety of foods. A smilar Stuation existsin Ukraine. Asfar aswe
can learn, anong former East Bloc countries, only in East Germany are consumers fully aware and
accepting of irradiated foods.

Potatoes and onions are irradiated to retard sprouting in Chile, Cuba, China, Germany, Japan,
South Africaand Thailand. Applesaredso irradiated in China

France, Belgium and the Netherlands are the most active in irradiation of poultry and seafood to
diminate pathogens. Electron-beam irradiation of blocks of mechanicaly de-boned frozen poultry is
carried out in France. Frozen seafood isirradiated in Belgium and the Netherlands. Asdescribed inthe

WHO Press Release #35, 27 May 1992
Ibid, pg.1

Food Irradiation Newdletter, Vol. 10, No. 2, November 1986

Marcotte, Michelle, Commercial Food Irradiation, Market Tests and Consumer Attitude Research,
Prepared for the UN Environment Programme, February 1994
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previous section of this chapter, irradiated poultry is aso being marketed in the United States. Chile has
a o produced irradiated poultry products on asmal scae.

France has done the most work with other products, irradiating quantities in excess of 100 tons
annudly of casain, gum arabic, dried fruit, frog's legs, shrimp, as well as smdler quantities of amonds,
pistachios, and hazd nuts.

Other products which have been produced in smal quantities and test marketed in various countries
include: oranges, grapefruit, pears, bean sauce, garlic, strawberries, mangoes, and papayas. Whether or
not these products, or any of the others listed above, will actually be irradiated depends on volume
avallable, aswdl ason reduction or the magnitude of eimination of waste, infection, infestation, etc. There
has to be a volume divisor because of the fixed/sunk cost of theirradiator itsdlf.

2.5 Informal Group Surveysof Russian and Ukrainiansin the U.S.

Informal focus group discussions were conducted a Arizona State University with vigtors from
Ukraine and Russa It wasinteresting to notethat avisiting group of 13 Ukrainian farmersand agribusiness
managers (Cochran Fellows), denied awvareness of any sgnificant amount of food irradiation taking place
inthe Ukraine. Of course, thisis contradicted by al available intelligence. It does indicate that former
Soviet Republicsgovernmentsreveded very little, if anything, to the genera public about the extent of food
irradiationtaking place anywherein their countries. Because published information isat least two or more
years behind, it is only now becoming clear that food irradiation is increasingly becoming an accepted
procedure in the former Soviet Union.

The Ukrainian group acknowledged that there were consderable losses in their harvesting,
packaging and storage of food. However, even before "irradiation” was directly suggested as a possble
beneficid process, murmursof "' Chernobyl" were coupled to comments concerning contamination of food.
When the topic of possibly upgrading food production, processing and distribution employing irradiation
as an added feature was mentioned, the Ukrainians were uniformly negetive. They fdt that to introduce
irradiated food into Russia (or the Ukraine) would require much greater consumer acceptance and
education than currently exigts.

Discussons with agroup of Russian vigtors, on the other hand, revealed a greater consciousness
of the deterioration in food quality since the demise of the Soviet Union. They were much less emationd
about irradiated food, but did fed that considerable consumer education regarding the value and safety of
irradiated food would be required beforeirradiated food could be successfully introduced into the Russian
Republic.

2.6 Conclusons

< Consumers generdly lack information on the benefits and safety of food irradiation.
< People are becoming more concerned about health risks from food, such as peticide resduesin
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fresh fruit and vegetables and food-borne pathogens in meat and poultry.

Many recognize the benefits of usng irradiation as a safe dterndtive to the use of chemicas and
fumigantsin food, and as away to reduce illness caused by contaminated food.

The public wants irradiated foods to be labeled as such.

In the absence of generdized knowledge of food irradiation, consumers rely on the media for
information. The negative views of consumer advocacy groupstend to carry more weight than do
factud accounts by government and industry.

There is a need for better communication by public agencies of the benefits and safety of food
irradiation.

Routine use of irradiation will depend on the magnitude of the cost savings to the trade, but long
term consumer acceptance is more likely to depend on perceived hedth benefits.
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3. POTENTIAL ECONOMIC IMPACT OF FOOD IRRADIATION IN RUSS A
3.1  Overview of the Russian Food Distribution System

The Russian food digtribution system is currently a hybrid of a state run system operating in a
partidly liberalized environment. The Sate system continues to direct large scale food production,
trangportation, storage, processing, and digtribution, and ddivers large volumes of food to urban centers
by rail, barge, or truck, for distributionthrough state run stores and cooperatives. Inparale with the state
gystem, an increasingly vibrant private sector didribution system is now operating, supplying consumers
with goods of higher qudity -- and higher prices -- than do state channels.

3.2 Food Digtribution Channdlsin Russa

Figure 3.1 on the following page depicts graphicdly the various channds through which
domestically produced food moves in Russaand other states of the former Soviet Union.*? Most of the
food produced on a large-scae on state and collective farms moves to market through state channels.
State and collective farms now have the right to negotiate with urban digtribution entities for ddivery of
commodities, though a portion of their production must still be delivered at prices fixed by the state. A
separate network of consumer cooperative stores obtains supplies from collective farms and private
farmers. The large farms dso barter some of their output with industrid enterprises againgt shipments of
capital goods, or consumer goods for their members and employees. Some industrid enterprises have
established auxiliary farmsof their own to supply their employee canteens and to supplement food available
to employees through market channels.

Most of the food items which reach consumers through private channels come from part-time
farmers who have been dlotted plots of land on state and collective farms, and from full-time private
farmers who have succeeded in obtaining large acreages on collective farms which have started to
redigtribute land to members. Much of this privately-produced food is sold directly to consumers at
farmers markets, asystem that haslong existed in the former Soviet Union, though on asmdler scaethan
at present. Morerecently, anincreasing amount of thisfood ismoving to privately operated shopsin urban
aress (not indicated on the chart). Privatized state food stores are aso now permitted to purchase food
directly from producers or wholesalers and sl it dongside food supplied through state channels.

The Russian consumer faces qudity, availability, price and heath problemswith respect to thefood
avallablein stores.

The chart does not take into account increasing imports of fresh fruit and vegetables from the
Netherlands, Spain and Greece.
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Quality: State retall stores often offer damaged or unfresh fruit and vegetables. Despite this,
Russan consumers prefer fresh foods because available bottled juices, canned soups, and
packaged foods are consdered to be of questionable quality.
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Figure 3.1
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Availability: Russan consumers complain of inconssent availability of vegetables. . With
economic ingtability, food has become a barter item for producers, further contributing to food
shortages in stores.

High Prices. Pricesof quality meats and some vegetables avail able through private channelsare
beyond the reach of most consumers.

Health: While we have no documentation on hedlth problems from tainted food in Russia, such
as those caused in meat and poultry by salmonella or E-coli, the problem undoubtedly exidts, as
it does in every country. It may be surmised that the problem is more serious in Russia than
elsawhere, given the poor state of the Russian food system and the lack of attention to sanitary
gandardsin food handling.

Per capita consumption of food itemsin Russain 1992 and 1993 is shown in Figure 3.2. While
the accuracy of some of the data is suspect, it does serve to indicate the importance of potatoes and
vegetablesin the Russan diet. Russian per capita consumption of potatoes, for example, is roughly 120
kg per year (265 |bs.), compared to an average of 64 kg in Western Europe.

3.3 LossesintheFood Distribution System

According to an OECD estimate®®, 30% to 40% of total agricultural production in Russia is lost
intransport and storage from harvest to the consumer's plate. Data from this study on losses on products
which might be targeted for irradiation -- are shown in Table 3.1.

Members of the Russian group of visitorsto ASU who are private farmers or farm managers stated
that quality-conscious consumers are aready sourcing foodstuffs directly from them. They clam to have
very low levels of food loss due to spoilage, a clam substantiated by other observersin Russa It is
generdly recognized that the continuing problem isin the larger state-owned properties, warehouses and
consumer outlets, aswell as the nationwide distribution system

OECD. The Soviet Agro-Food System and Agricultural Trade: Prospectsfor Reform, Paris 1991
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Figure 3.2
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Table3.1
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Product Quantity Lost Causes and Sources
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Meat and Meat Products 2-3million Includeslossesin retail trade and animals which perish or are
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Sugar Beet and Sugar over 1 million Caused mainly by harvesting too early; shortage of transport




Potatoes 30%-50% of Low degree of mechanization in harvesting, shortage of labor,
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Vegetables 30%-40% of Lack of labor and transport from the fields.
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Fruits and Berries 40% of 20% (half the total) loss estimated to occur due to improper
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3.5

Causes of Inefficienciesin the State Food Distribution System
Inefficiencies exist throughout the Russian food digtribution system, as detailed below.

Storage: Lack of proper storage technology, discipline, standards and equipment leadsto losses,
both on the farm and at urban distribution centers. Limited on-farm storage capacity for potatoes,
for example, means that the bulk of the crop must be transported to urban storages during and
immediately after the harvest. Because of rough handling in trangt, damaged potatoes arrive a
urban distribution warehouses, many of which are not equipped with proper refrigeration.

Transportation: Transportation isaweak link in the Russan food distribution system because
of the unsatisfactory quantity and qudity of available trucks and a limited highway network. The
poor state of roadsin many rural areas addsto transportation costs dueto time delays and damage
to vehicles. Shortage of refrigerated trucks and rail cars contributes grestly to food loss and
inefficdendies since large volumes of produce are trangported in open, unrefrigerated vehicles.
Often, trucks do not carry full loads on both outbound and return trips, contributing to distribution
ineffidency.

Wholesale Structure:  The lack of integration among wholesding functions such as storage,
trangportation, and retail ddivery lead to grossinefficienciesin the sysem. Wholesale digtribution
fadilities supplying the citiesmust rely on uncertain deliveries and variable qudlity of goods shipped
from widely scattered state and collective farms, who are themsdlves relying on an inefficient
trangportation system. In the case of fruit and vegetables the resultant multiple handling leads to
further damage.

Sales, Marketing, and Management: Sdes, marketing, and management skills are weak in
Russa Andysis of a group of Russan vegetable wholesalers indicates that there is a lack of
responsiveness to customer needs and little attempt to seek new customers. Thereislittle use of
advertisng or research on competitors.  Introduction of new productsand servicesisalsominimd.

Integration of Food Irradiation into the Russian Food System

Food irradiation has been endorsed by internationa authorities because of its capacity to help

address “sarious problems of food supply, hedth and nutrition, and globa trade and economics’ (IAEA
#5). These benefits can be redlized in Russa through:

<O O O O

decontamination and disinfestation, reducing losses due to insects,

extenson of shef life, thereby reducing spoilage during transportation and storage,

control of pathogenic bacteriaand other organisms, with attendant health benefits, and

actud derilization of food products such as egg powder where the Russian producing source is
likely to be infected and where the produce is not canned nor refrigerated and likely to be stored
for long periods of time.
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Irradiation processing enables food to be stored longer and to meet stringent tests of qudity and
safety when integrated within an established system for the safe handling and distribution of food. However,
it iswell known that irradiation aone, as a preservation technique, will not solve the problem of post-
harvest food losses. Inefficient and unsanitary processing operations, timedelaysin handling, trangportation
weaknesses, and poor marketing practicesare al areas outside of food storage that contributeto Russas
food losses. Evenif afood is safely processed, thereis no assurance thet its quality and wholesomeness
will be preserved asit passes dong the food chain to reach the consumer. Radiation processing can only
cut food losses if good quality products are delivered to the irradiator, and the product is properly
packaged, stored, and shipped after irrediation.

If food irradiation isto be cogt effectivein Russa, therefore, the integration of food irradiatorsinto
food processing lineswill requiretheimpostion of higher qudity sandardsfrom theincoming raw materias
al the way through to the final packaged product and its ditribution to the consumer. In this way, food
irradiation has the potentia to become a catdy<t for the upgrading and modernization of the Russian food
system and the reduction of the high loss rates currently experienced. The demondration facility itself
could serve asamode for food processing plantsin the future.
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4. FEASIBILITY OF A DEMONSTRATION IRRADIATION FACILITY
4.1 Introduction

The objective of this sudy was to examine in a preiminary way the feasbility of commercia
irradiation of foods in Russia. Based on our findings in the preceding sections, we find no mgor
impediments to establishing such a system, but quaify our conclusion in two respects. (1) consumer
acceptance of irradiated food in Russiahas yet to be established, raising issues of the marketability of such
products within Russia, and (2) it does not appear feasible or desirable to integrate afood irradiator into
aRussian-operated food processing and distribution system as it presently exists.

A second objective was to advise on the feasibility of establishing acommercid-scae irradiation
facility somewherein Russain order to demongtrate the benefits of irradiation, and to establish the technical
and cost parameters for large-scae food irradiation in the Russian Republic. In this section of the report,
we examine a number of factors bearing on establishing such a demondtration irradiator in Russa and
recommend that an implementation plan be prepared for thefacility. Findly, adraft work planispresented
outlining actions which would be taken by an AMIS |1 team working in cooperation with NISMATEK
to complete the plan.

4.2  Potential Irradiation Applications in Russia

Factors which enter into the sdection of possible applications for a demondration irradiator in
Russa include: (1) consumer acceptance of irradiated food in Russa, (2) identifying an application or
gpplications with sufficient product throughput to economicaly justify the cost of the facility, (3) potentia
supplementary non-food irradiation applications to provide additiond justification for the facility, and (4)
the feagibility of involving U.S. food processors with operationsin Russiato export high quality packaged
irradiated foods to other countries.

4.2.1 Marketability of Irradiated Foods

Our preiminary conclusonsfrom discussonswith Russan and Ukrainian vigitorsto Arizona State
University is that acceptance of irradiated food (if labeled as such) increases with the distance consumers
arelocated reativeto Chernobyl. For example, it may bethat acceptability isnot aprobleminthe Russan
Far Eagt (or in the Asan republics of the former Soviet Union). During the next phase of the project, we
propose to conduct surveys in various parts of the country to more firmly establish the degree of
marketability of irradiated food in Russaand the NIS.

As discussed below, there a number of good reasons to initidly focus on export markets for the
irradiated foods in countries that readily accept irradiated foods, such as South Africa, France, and China
Nevertheless, if the demondration irradiator is to provide useful information on the Russian market for
irradiated food, some portion of the output should be marketed locally. Thetask of the next phaseisto
determine what mix of loca and export markets is desirable and achievable.
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4.2.2 Product Throughput Volumes

Most commercid irradiators in service today around the world are large” genera purpose”’
fadilities, capable of irradiating dmost any food product. In order to operate economicaly, they must
process consderable volume, two to three shiftsaday, dmost every day of the year. Thismeansthat such
largeirradiators will generdly have to have product shipped to them which they transship to another site,
post-irradiation. For many applications, such as the radiosterilization of high value spices, such costisnot
aserious economic deterrent because added shipping charges do not appreciably affect productswith high
unit values. However, the cost of low-doseirradiation of lower value foods can beformidable, particularly
if transportation expenseis dready a Sgnificant item of cos.

Experience at the FOOD TECH %°Cobdlt irradiation facility in Florida is ingtructive. The plant
processes awide variety of localy-produced food, aswell as non-food items. Trucksarrive with product
in totes or on palletswhich are put through an automated irradiation processline and immediately shipped
out again. InRussa, the oddsof finding any agriculturd areaequivaent to Horidaareremote. If aRussan
plant isto depend on fruit and vegetables done, that would mean availability of product during ardatively
short growing and harvesting periods, with resultant high unit costs. Theaddition of potatoes could improve
this gtuation, since with proper scheduling and storage the potato processing season can be significantly
lengthened. If multi-ton quantities can be delivered for haf a year, costs of $0.10-$.25/1b may be
attainable.

These issueswill be examined by the AMIS 1 team in the second phase. However, it islikdy that
if break-even on a cash flow basisis to be approached, the first commercid plant will either have to
concentrate on irradiating year-round production of mest, poultry and fish for domestic or export markets,
or secure agreement from al concerned that the plant will be sgnificantly subsdized for some period of
time.

4.2.3 Alternative Non-Food Itemsfor Irradiation

As noted above the FOOD TECH plant in Horida is currently sterilizing a variety of non-food
items, such as food packages and containers. One example is smdl plastic coffee creamer cups used in
restaurants. Another gpplication used widely isthe Sterilization of medica supplies such as bandages and
persona items such as condoms and tampons. A smilar approach might be used by the first Russian
commercid demondration irradiator. Besides use as an in-line irradiator in a food plant, it will dmost
certainly have the capacity to sterilize an entire range of biomedical products. The next phase of the project
will examinethe demand for biomedical erilization by both Russian organizationsand U.S. companieswho
may be going to establish operationsin Russa

4.2.4 Potential Participation of U.S. Food Companies
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Fortunately for this venture, severa magjor U.S. processing companies have located operationsin
Russa to process meat, poultry and fish, as well as fruit and vegetables. Most companies are willing to
explore use of in-lineirradiation as part of their effort. They dl intend to upgrade production, processing,
storage and eventud distribution to marketsin Russaand the NIS or esewhere. Several companies have
indicated an interest in exploring the use of irradiation further, provided that they do not have to do the
pioneer work to get market acceptance of an irradiated product. As we understand the matter, only in
France, Holland, South Africa and the Peoples Republic of Chinais irradiated food accepted if it meets
internationd standards. We have also been told that the Asian Republics of the NIS readily accept
irradiated foods, but this information would need to be confirmed.

The companies withwhom conversations have been held dl wish forma descriptions of what the
project might entail. They are not averse to participating but they want to know what their financid and
market risk would be. The companies working in Russiawith the Citizens Network for Foreign Affairs
are particularly receptive. However, as with the others, they are too busy starting up their processing
operations to think about the specid problem of marketing irradiated food. The companies with the most
current interest, and their products, are;

C Continental Grain (poultry & eggs),

C ConAgra (potatoes, exploring fresh market and companion storage systems),
C Magna C (fisheries in the Russan Far East), and

C Ventures East (meat and dairy).

Other companies with whom we have talked include:
C Raston Purina (canned & frozen food),

C Ferruzzi (pastas, processed grain), and

C Severd divisons of RIR.

Discussons have a so started with companiesinterested in fast-food operations. They arelesscost
sengtive, require high quality at their outlets and need to find ways to overcome problems in the Russan
food processing and digtribution system. On the other hand, their level of usage will be very smdl for a
while

Any agreement with a cooperating food processor should specify the use of “down time” for
irradiation of food products for test marketing and/or radiosterilization of biomedical products and waste.
This should be feasble if acooperating food processor can beidentified who accepts operation of the unit
in this manner when its processing line is down.

4.25 Potential Marketability of First Irrradiated Products

Under the Food Systems Restructuring Program funded by USAID.
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While long term one has to consder the willingness of the Russian consumer to accept irrediated

food, for the purposes of the demongtration markets of sufficient magnitude that areimmediately available
need to be sdlected. Only in this way can cost/benefit ratios be established adequately for the Russian
BiCsirradiator. Some examples of such products uncovered by our early contacts are:

¢
¢

4.3

Dried egg powder: A mgor U.S. company hasacontract to produce about 20,000 tonsannually
for use by the Russan military. Thefind product should be essentidly erile.

Fresh and frozen fish: Severd important marketsin the Pacific Rim will accept irradiated product.
Specific arrangements have to be defined, and product clearance and quality control measures --
al rdated to customer country regulations and specifications -- have to be devel oped.

Meat and poultry for a “ nuclear establishment city” : The Russan nuclear program iswas
based on severd rather large cities of two to three million people each of which are treated as
restricted enclaves. It is believed that inhabitants of these cities would accept irradiated food
without question.

Bio-medical material: Russan medica adminigratorsand firmswill beinterviewed to learn what
inditutions have bio-medical waste to be serilized, or need to dry Serilize goods such as
containers, syringes, bandages, and whether they have the fundsto pay for such serilization. U.S.
medica supply firms potentialy locating in Russawill aso be interviewed.

Sdection of an Irradiation Source

Worldwide, two processesare utilized for indudtrid irradiation: gammaradiation from radioi sotopes

and dectrons from accelerators.  This report recommends that the commercial demonstration team
edablishing aprototype food irradiation system in Russiaconsder employing radiation from radioisotopes
only. There aretwo main reasonsfor this

@

@)

Electrons are much less penetrating than gammarays (less than an inch for most foods). Electron
usage isgenerdly limited to itemswith arelatively low dengity. Further, at least in U.S. experience,
electron generators are both expensive and troublesome to operate on a sustained basis because
of the extremdy high voltagesrequired (millionsof eectron volts) and the very high vacuum systems
required.

Itiswell known that radiation from the radioactiveisotopes of Cobalt and Cesium doesnot induce
radioactivity nor induce toxic, mutagenic or carcinogenic radiolytic products in food. Further,
irradiative processes employing either isotope have been shown to disnfect grain and flour, inhibit
gorouting in tubers and bulbs, dter (postively) postharvest ripening and senescence of fruits,
inactivate and diminate bacteria pathogens in meats, poultry, fish and shdllfish. While *°Cobalt
isroutindy manufactured in Russa, this report recommends that the team begin operations using
137Cesium for these reasons:

C 137Cedum is produced when reactor fud is reprocessed. Virtualy every country in the

world reprocesses its reactor fuel except the U.S,, which may explain why usage of this
isotope has not advanced in this country. Because isolation and preparation of isotopeis
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quite labor intensive, preparation of *3’Cs for food irradiation would provide additional
economic incentive for the Russian nuclear industry, something thet is clearly important at
thisjuncturein Russidstransformation. Standard uranium reprocessing will generate more
than adequate supplies of *’Cesium which can be sold or purchased for irradiative use.

C Because *'Cesium has lower energy than ®°Cobalt, a Cesium irradiation facility does not
need the same amount of shielding and other protective congtruction *°Cobalt requires.
This means thet in-line radiation processing can be built at lower cost to process smaller
volumes than would be economic for ®Cobalt usage. Further, *¥’Cesium's 30-year half
life diminates the need for monthly recalibration of radiation dosage, required by ®Co's
relatively short hdf life of 5.26 years.

C 1¥7Cs dong with %°Co is approved for food irradiation use by al countries that permit
introduction of irradiated food into the food supply. The safety of food irradiated with
187Csiswell known and adequately documented.

4.4  Irradiator Desgn Consderations

We conclude that there is a need for asmdl self-contained and smple irradiator which:
must be inherently safe with regard to radiation exposure to plant operators,

must be prefabricated and designed for ease of use by buyers,

canbeused “inling’,

must be economically competitive,

requires aminimum of training to use, and

can be eadly reconfigured/combined as needed.

One such sysemisunder development in Americaand should bethoroughly investigated: it utilizes
137Cesium, and is designed to process a standard 48' X 40 pdlet or bin of materid. The designer cdlaims
the "system is so amplethat it will accommodate any materids handling system without specidly designed
expensve conveyor systems. In effect it can use whatever is avalable... from a forklift truck to hand
loading..."

The first commercia modd of this Gray* Star Cesum irradiator should be completed by the end
of 1996. Itisdated for delivery to Dr. D.W. Thayer of the Eastern Regional Center, USDA, for beta-Ste
evaduation. Dr. Thayer plans an extensve series of experiments and tests to confirm prior caculations of
efficacy. Martin Stein, the inventor and President of Gray* Star, informed usthat, thereafter, the company
will complete an irradiator every four months or so. Stein aready has commitments for two or three
irradiators and advised that to assure ddivery buyers have to “get in line€’ by paying a modest deposit
($10,000). The deposit issupposedly returnable until the moment fabrication is started. Thisisasensble
suggestion, but it dso establishes atentative time line for actudly ingdling thistype of irradiator in Russa
probably late 1997.
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The question to be explored with thissystem iswhether its developer would licensethe system for
condruction in Russia, playing some role in supervisng manufacture and use. What isinteresting isthat he
has concluded an arrangement with Babcock & Wilcox to fabricate hisunit. Babcock & Wilcox currently
operate joint venturesin Russa. However, the question must be asked: will the Russianswant to develop
thelr own system because they consider an American design would be too expensive or not suitable for
their cost-basis?

Therefore, assuming that the prototypeirradiator performs as specified in the hands of Dr. Thayer
of the USDA™, it will beimportant to ascertain if this American technol ogy/Babcock & Wilcox connection
could speed up the ingtalation of the first irradiator. Based onwhat is known about Russia, the odds are
that the costs reflected bel ow for irradiation with *3’Ce should be significantly lessin Russathaninthe U.S.
Adoption and modification of the Gray* Star system then could speed up the employment of Russian
nuclear scientists in reprocessing fud, fabricating, ingtaling and operating irradiators, maintaining
gppropriate nuclear safety conditions, etc.

There may well be other technologies available, but Gray* Star seems to be the only system that
is both uniquely American and flexible enough to ded with the Russan food supply without requiring
elaborate nuclear safeguards (see attachment). Nevertheless, as currently designed for U.S. gpplications,
Gray* Star aso requires consderable volume to achieve irradiated food costs in the cents/pound range.
Even 0, according to the developer of the Gray* Star irradiator, the Nordion unit hasto process5to 10
times as much materid as Gray* Star to get equivalent costs. Above this “crossover' volume, the larger,
higher energy, °Cobadlt reactor is more efficient.

45 Critical Cos Factors

While many reports (see Bibliography) have been published concerning the cost of irradiating
various classes of food, the fact isthat only the FOOD TECH plantin Floridahasthe potentid to operate
at commercia scae. All other cost projectionsavailableinthe U.S. are derived by extrapolating from small
scale, so-cdled “research reactors’ and there is therefore some uncertainty concerning irradiation cost
other than for very large, bulk-processing of grains. In some countries, government agencies provide an
irradiation service, viewing the costs to the economy as being offset by reduction of lossesthat would have
been caused by infestation spoilage and contamination'®. However, inthe case of acommercid irradiation
sarvice, the society asawhole doesnot pay for theirradiation -- consumersand ingtitutions must bewilling
to bear the extracost in return for higher qudity, hedthier food. Food exporters may be ableto judtify the

D.W. Thayer is one of the most widely published scientists working in the field of food irradiation. He
is a the Eastern Regional Research Center, USDA.

According to estimates of the US Food and Drug Adminigtration (FDA) Divison of Microbiology,
food-borne diseases cause an economic lossin the U.S. of between $5-17 hillion as aresult of medical
expenses and loss of productivity on the job
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cost by upgrading products -- which would otherwise not be saleable -- to world market standards.*’

Of particular interest to this project is the harvesting, further processing, packaging, irradiation,
storage and digtribution of table foods (as distinguished from grain processing). Generdly speaking, the
Nordion ®°Cobalt reactor requires afixed investment of close to $5 million and annual operating expense
approaching $1 million. The plant, therefore, hasto process (depending on the product) oneto three million
pounds daily to achieve irradiation costs in the $0.05/1b range (approximately $100 per ton). According
to Dr. Hargraves of FOOD TECH, their Nordion ®°Cobdlt irradiation system, running 12 months a year,
two shifts a day, irradiates produce and fruit in the $0.03 - $0.05/Ib range and mest and poultry in the
$0.05-$0.08/Ib range. Sterilization of spices costs about $0.10/Ib. Comparative data on food irradiation
costs on the Nordion and Gray* Star reactors will be found in Appendix C.

As can be seen, even accepting Gray* Star's comparisons without further analys's, the Gray* Star system
requires considerable volume to get to alow irradiation cost per pound. Note, however, a low volumes
Gray* Star irradiative cost isroughly 15-20% of the ®°Cobalt system. This raises two issues:

C Can enough volume of qudity food or new or waste biomedicd materids be found, suitably
packaged for ddivery to aRussan irradiation Ste?

C Will extracost from lower product volumes creete an insuperable cost barrier? That is, if oneonly
can find 7,050,000 Ibs of potatoes to irradiate, can the product sill accommodate roughly 3.8
centslb more + some idle charges? (The potentid for using the demondration unit to sterilize
biomedica supplies, thusincreasing throughput, will be examined in the next phase of the project.)
On the other hand, aMATEK-NFS-Babcock & Wilcox team could well redesign the Gray* Star
unit to maximize skilled Russian technicians, increasing *”Cesium reprocessing and usage, creating
asomewhat smaller unit. The whole question of utilizing Russan technology and manufacture will
have to be examined in some detail in order to project more precise Russian irradiation costs.

4.6 Conclusonsand Recommendations

Feagbility of theProject.  Based on findings in the preceding sections of thisreport, we see

no mgor impedimentsto the establishment of acommercid demondration food irradiation plant in Russa

Furthermore, we believe that as recognition of the importance of food quality increasesin Russia, so too
will the likelihood of food irradiation becoming generdly employed.

I ntegration into the Russian Food System. We conclude that only a Russian poultry, mest,
or fish processing plant, operating year-round, would have sufficient volume to come even close to cost-

Inasmuch asfumigants are being phased out globally, thiswill be an important use of irradiaionin some
countries, mosily tropical fruit and vegetable producers.
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effectiveirradiation. If thereisno Russian entity cgpable of processing and distributing the product in a
cogt-effective manner, we believe that a Western processing partner should be sought in order to assure
appropriate raw materid and quality processing specifications, sorage, and distribution -- if not for Russian
markets, then for Europe, Japan, and the U.S. Inthiscase, it will be necessary to reach an understanding
with the Western firm that some time would be saved for irradiation of other products.

Selection of Irradiator Type. Our preliminary recommendation isto usea® Cesumirradiaing
module because (1) it is chegper to build and to operate (no need for continud recalibration and
evauation), meaning that the reatively low volumes of products which may be available will not have to
carry aslarge acost burden, and (2) it will utilize'¥Cesium, whichisavailablein Russafrom re-processed
reactor fuel.

Irradiation Safety. Rigorous test procedures will need to be developed to insure the safety of
those involved in plant operations, as required by the IAEA and Russan regulatory authorities.

Food Quality and Safety. Tests will be needed to assure the microbiologica safety of food
emerging from processng plants utilizing irradiation. Records must be maintained to satisfy Russan
authorities and/or point of entry requirements of non-Russian countries receiving irradiated products.
Adherenceto food quality sandardswill be particularly necessary for products exported to the U.S., Japan
or Western Europe. Grades and standards used by those countries must be established and validated by
some mutudly satisfactory procedure.

Impact on the Russian Food System. It is rigid adherence to quaity and safety standards of
irradiated food which has the grestest potentia to make improvements in the Russian food system.
Irradiation will reduce the amount of spoilage when food is sent to market via the somewhat uncertain
Russian trangportation system. However, the irradiation facility must establish and adhere to a policy of
refusng to pay for raw materiad not meeting agreed qudity levelsif it is to become a driving force in
upgrading the Russan food supply system.
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5. PREPARATION OF THE IMPLEMENTATION PLAN

5.1 Introduction

Based on our recommendeations in the foregoing section, it is anticipated that the project will move
to the second phase -- the preparation of animplementation plan for ademonstration food irradiation facility
somewherein Russia. Itis assumed that AMIS |1 and Nuclear Fuel Services (NFS) will submit a proposal
to AID in the near future for funding to carry out thiswork. The purpose of this section of the report, then,
isto lay out an approach to preparing the implementation plan and show how AMIS will contribute to that
effort and how tasks to be carried out by the AMIS team relate to those for which NFS'MATEK will be
responsible.

The nuclear part of the program will be managed by experienced nuclear specidists to be
employed by MATEK 8, Thisentity was established to "effectively and profitably use the production and
scientific-research expertise, commerciad and management experience of the Partiesin order to contribute
to converting high enriched uranium ("HEU") obtained from nuclear wegpons into low enriched uranium
("LEU")...asafud for nuclear power reectors...” Another portion of MATEK'sactivitieswill fund nuclear-
gte remediation and related environmenta activities in Russa, not involving this project.

The implementation plan will establish thejudtification for the demondration facility by showing how
it would be used, what it will cost to ingtall and operate, who would operateit, where it would be located,
and how and where the irradiated products would be marketed. To answer these questions, it will be
necessary to identify potentia U.S. food company participants, demongrate that there are no overwhelming
problems in marketing the irradiated products domesticaly or internationaly, select an irradiation source
and configuration which meet the requirements of the processor, and establish ingalation and operating
costs.

5.2  Definition of Tasksin Preparing the Implementation Plan

Figure 5.1 presents graphicaly our concept of the two main steps and five tasksinvolved and how
they interrelate. AMIS respongihilities are those which relate to the applications and specifications for
the irradiation facility -- basicaly recommending a way to tie the irrediaion facility into a food systems
operationin Russia-- whilethose of NFSYMATEK haveto dowiththedesign, fabrication, installation,
and operation of the unit. We visudize the AMIS work as taking place in three phases, as described
below, and carried out by ateam which includes specidistsin agriculturd marketing, food processng and
irradiation technology.

MATEK isaventure (aClosed Joint Stock Company) comprising the following entities:Ural Electrochemical Plant,
Siberian Chemical Plant, Techsnabexport, Priargunski Mining-Chemical Plant, Russian Academy of Science, theForeign
Trade Company "Litintern, and Allied Fuel Energy Services Co.
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Figure 5.1
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Step |: Basic Studies

Threebasc sudiesneed to be carried out inthefirst phaseto lay the groundwork for what follows.
They are basically independent of each other and can be carried out in paraldl.

Task 1: Identification of Potential U.S. Company Participantsand Markets:

Thistask will determine, asa first priority, who the potential U.S. food company users of the proposed
irradiation facility would be, the food products to be irradiated, and the plant locations in Russa. The
primary focus will be on U.S. food companies now operating in Russia, especidly those which have
received grants under the Food Systems Restructuring Program being carried out for AID by Citizens
Network. Initid contact has dready been made with four of these firms, three of whom have expressed
conditiond interest in participating. The output of this task will be descriptions of severd dternative
participating companies, volumes and types of food products to be irradiated, marketing channdls, plant
locations, and the nature and extent of the company’sinterest in irradiation. The key will be to identify a
marketable product with the highest passible throughput and product va ue, one where the potentid savings
in reduced product losses, improved food safety, extended shelf life will justify the cost of irradiation. The
potential for compensating for the lack of ardiable “cold chain” for food digtribution in Russa by using
irradiated food will aso be examined. 1t will dso beimportant to note through which market channelsthe
different companies products now move or will move, and the extent to which export markets could be
exploited. The latter task will require making contacts in markets which currently accept irradiated food,
such as South Africa, to determine what regulations might apply to import of such items.

Asasecond priority, contactswill be made with U.S. pharmaceutical and medical supply firmswhich may
plan to set up operationsin Russa  The avallability of a sanitary, well-managed facility able to Serilize
medical supplies might prove to be an inducement to locate in Russia, and would provide additional
judtification for the fadility. This assumption will be tested by contacting U.S. firms such as Johnson and
Johnson.

Task 2: Identification of Potential Russian Applications and Markets,

If the demondtration irradiator isto accomplish its purpose of establishing costs and benefits of irradiation
in Russato guide future development of the industry, at least a portion of the output of iradiated food or
gerilized non-food products should be marketed in Russia.  Since the objective would be to achieve
essentiadly year-round operation, products availablefor irradiation in Russathroughout the year would be
sought.  Some candidate products are: dried egg powder for the Russian military, fresh and frozen fish
processed in the Russan Far East for export to Pacific Rim countries, meat and poultry for sdeto a
“captive market” in Russan * nuclear establishment cities’. With respect to biomedica gpplications, medica
facilities and their suppliers (most likely in the Moscow area) would be surveyed by Russan members of
the team to determineto what extent irradiators are now used for this purpose, current costs of steilization
by thisand by conventiona methods, and the level of demand in atypica hospita or hospitalswhich would
be found in a Russan city regardless of location.
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Task 3: Marketability of Irradiated Food Productsin Russia

Thelong-term feasihility of anetwork of food irradiation facilitiesin Russawill depend on the acceptability
of irradiated food to consumers in different parts of the country. Should the demondration facility rely
totally on exports in case the domestic market is effectively closed to irradiated food? If irradiated food
products are to be marketed in Russia, which foods (mest, poultry, fish, vegetables, fruit) are most likely
to be accepted and in what regions of the country should they be marketed? (There is evidence that
consumer attitude toward irradiation in the Russan Far East is much more favorable than in European
Russia, with its dill vivid memories of the Chernobyl disagter.) It is anticipated that this effort will involve
some combination of persond interviewswith shoppers and focus group discussionsfollowing procedures
developed by a specidized group within Abt Associates. The work will be carried out by Russians
following procedures developed jointly by AMIS 11 and the Russan team members. Another dement in
this task will be the gathering of information onexigting (largely undocumented) irradiatorsin Russia, what
products areirradiated, where they are located, whether any of the products are labeled asirradiated, and
the extent of consumer knowledge of irradiated foods dready being marketed. Thiswork will becarried
out exclusvely by our Russan colleagues.

Step 2: Definition of the System

Task1: Determine General Parameters of the Demonstration Facility

The findings from the field work in Phase 1 on potentid food and medica products to be irradiated, and
on marketability of these products, will be utilized in preparing AMIS findings on the desired generd
parameters of the demondration unit -- whereit should be located, what food products will be treated in
what volumes, the radiation source materia, required dosage rates, and in what markets the products will
be sold. These findings may be presented in theform of severd dternatives. The AMIS report would be
trandated into Russan by NFSand reviewed by NFS'MATEK prior to the consultation described in Task
#2.

Task 2: Determination of System Configuration, Application and Cost This
important step in plan preparation would be carried out jointly by AMISand NFSMATEK. Fndingsfrom
Task #1 would be reviewed at a mesting to be held in Russia, including aternative applications for the
demongtrationunit, asfor example, operation by aforeign-owned food company in Russg, or by an entirely
Russian owned and managed operation. Alternative arrangements for manufacture of the irradiator aso
need to be discussed, such as whether the demonstration unit would be: (1) of Russan design and
manufacture, (2) manufactured in Russiaunder license from an American company, or (3) fabricated inthe
U.S. and ddivered to thesitein Russa. The outcome of the consultation could be selection of apreferred
gpplication and design, or possibly severa dternatives. It would be desirable to reach a preliminary
agreement at thispoint with aU.S. or Russian plant operator where theirradiator would be located so that
they could participatein thisprocess. A document will be produced jointly by AMISII and NFSMATEK
at the conclusion of thistask describing the unit and how it will be operated, and giving estimated indtalation
and operating costs. A section of the report should ded with the economic judtification for the
demondration unit, demondrating a least provisondly that irradiation costs can be covered by reduced
gpoilage, longer shelf life, lower transport costs through reduced need for refrigerated vehicles, and/or
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higher sdle prices for products of improved quality and safety.
5.3 Implementation Phase

The project document referred to in Step 2, Task 2 above will serve as the basis for what is
referred to in Figure 5.1 as “ proposed implementation phase’, essentidly fixing technical and operating
specifications for the demondtration irrediator and preparing detailed estimates of the cost of building and
ingdling the irradiator to fit the specific application agreed upon, as well as the cost of operating it in an
indudtrid environment. These steps may be thought of as the firg part of project implementation,
culminating in the actud fabrication, ingalation, and gart-up of the unit.

Primary respongbility for implementation will be NFSMATEK’s. The AMISII roleinthis phase
of the work will be defined during preparation of the next phase proposal. Some possible tasks include:
providing the linkages to one or more U.S. food companies during project implementation, establishing
irradiator performance requirements based on the selected gpplication, developing operating procedures
in enough detail to permit NFS'MATEK to caculate personnel and other operating costs, drafting
proposed food safety standards and food quaity standardsfor the unit (Sncethesetoo will have animpact
on operating costs), and drawing up procedures for initia testing of the unit.

Once cods are edtablished, specifications concerning the radiation source materid and
configuration of the irradiator can be formulated in sufficient detal to permit the irradiation system
supplier/fabricator to prepare a detailed cost proposa to NFS'MATEK. Thefina part of this phase will
be the preparation of abusiness plan by NFSMATEK for the use of prospective investorsin acompany
to build and operate future irradiaion facilitiesin Russia

The overriding objective of the demongtration will be to operate the unit in such a way that the

information collected will enable MATEK to decide on the feasibility of establishing irradiators throughout
Russia and the NIS for food and medica applications.
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6. PROPOSED WORK PLAN, STAFFING AND COSTS

The activities described in the preceding Section 5 of this report will be carried out in close
cooperaion with NFS'MATEK through a management team consisting of participating American and
Russian organizations. It isanticipated that al AMIS tasks, with the exception of Step |, Task #1
(Identification of Potentid U.S. Company Participants and Markets), will be carried out jointly with
Russ an agribus ness representatives under the direction of the AMIS team.

AMIS 1 proposes a three-person team to carry out the work. The three individuals proposed
for the team are identified a the end of this section. Thetime dlocated for each person is shown by
task in the following work plan, which is keyed to the task description in Section 5 of this report.

Step | - Basic Studies

Task #1: Identify Potential U.S. Company Applications

Identify U.S. agribusiness firms with potentid interest in participating in project at existing or planned
processing plantsin Russa, and ascertain types and volumes of food products which would be
irradiated. Determine through persond contact (via phone, e-mail or fax) potentia acceptability in
selected foreign markets of the identified products, and what regulations may apply to their sde.
Determine potentid demand for serilization of biomedica supplies and materids by U.S. companies
who are established or who may establish operationsin Russa. Work to be carried out entirely in the
U.S.

Project Director: 10 days

Int’l Food Mktng Soec: 8 days

Irrad Food Qual Spec: 8 days

Task #2: | dentify Potential Russian Applicationsand Markets

Identify potential users of demondtration irradiation facility in Russa, locations and products, including
both food and biomedica supplies. After consultation with the AMIS team, Russians assigned to the
project will carry out initid investigations in Russa and will prepare areport in English for AMIS.
Following review of the report, the AMIS three-person team will go to Russafor two weeks to vist
the most promising Stes previoudy identified and meet responsible officids. Upon return, the AMIS
team will prepare abrief report with conclusions as to the feasibility of one or more of the proposed
stes and gpplications.

Project Director: 20 days

Int’l Food Mktng Spec: 20 days

Irrad Food Quality Spec: 20 days

Russian team members. approx. 30 person-days

Task #3: Marketability of First Irradiated Productsin Russia

Determine marketability of irradiated food productsin Russa by means of informa surveys and focus
groups, and establish whether there are any regiond differencesin consumer acceptance. Determine
what irradiated foods are now being marketed, where and through what channels, and whether they are
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labeled as such. Thistask to be carried out by Russian members of the AMISMATEK joint team by
means of meetings and informa surveysin various regions in Russia, and a report on findings presented
in Englishto AMIS. The work would be launched after consultation with the AMIS team during the
trip under Task #2.

Project Director: 1 day

Int’l Food Mktng Spec.: 2 days

Irradiation Food Quality Spec.: 2 days

Russian team members. approx. 50 person-days

Step 11 - Definition of the System

Task #1: Determine General Parameters of Demonstration Irradiator

Prepare aternative recommendations on the generd parameters of the irradiator to meet the needs of
the potential usersidentified in Step 1.  For each dternative, determine the technical features of the
irradiation unit, such as on-line or off-line configuration, methods of handling materia into and out of the
irradiator, irradiation source, throughput, etc. Recommendations should include the possibility of U.S.
sourcing of theirradiator, together with information on design, ddivery time, and estimated codts.
Report to be submitted in English and trandated into Russan by NFSMATEK. Based onthe
parameters defined in the AMIS report, NFSIMATEK should at this point begin preparing
comparative cost estimates for a Russian-designed and built irradiator.

Project Director: 13 days

Int’l Food Mktng Spec.: 7 days

Irrad Food Quality Spec.: 7 days

Task #2: Deter mination of System Configuration, Application, and Cost

It is expected that AMIS findings on the parameters of the demongration unit as defined in Task #1
above would be discussed a ajoint AMIS- NFS'MATEK meeting in Russa Thiswill require a
second one-week trip to Russia by dl three AMIS team members. At the sametime, information
generated by NFSMATEK asto the possihility of Russan fabrication of the irradiator, and associated
cost estimates, will be reviewed. The outcome of these meetings should be decisions on the preferred
goplication of the irradiator and how and where it would be fabricated and a what cost. Activities
under the next phase of the project will also be planned.

Proj Director - 8 days

Int’l Food Mktng Spec - 8 days

Irrad Food Quality Spec. - 8 days
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Summary: Proposed Staffing and Time Allocations

Project Director: Dr. Richard S. Gordon 50 days
International Food Marketing Spec.:  Richard D. Abbott 45 days
Irradiation Food Quality Spec.: William P. Hargraves 45 days

Estimated Costs:

Cog of the time of the above three individuds, their travel to Russa and within the United States, and
al other associated costsis $181,000. We do not have sufficient information to estimate the costs of
the time and travel for the estimated 80 person-days of time of the Russians who would work with the
AMIS team, but an dlocation of $19,000 for this purpose would bring total costs to $200,000.

It should be noted that these costs do not include AMIS 1 tasks under the implementation phase
described in section 5.3 above.



APPENDIX B
CONSUMER ACCEPTANCE SURVEY RESULTS

1. Summary of UN Consumer Survey

A recent document prepared for the UN Environment Program summarized the results of 37
consumer surveys conducted in 12 countries, including 22 in the U.S. done, since
1984°, While results are often conflicting, a summary of reponses to key questionsin the U.S. surveys
isroughly asfollows

Do you consider irradiation, pesticide and herbicide residues, chemical preservatives and
antibiotic and hormone residues to be health hazards? Most respondents said they considered
these to be hedlth hazards, but felt more strongly about the risks from pesticides and herbicides than
from radiation.

Would you purchase and serve irradiated foods to your family? Severd surveys asked questions
of this nature and found that among people who had heard of irradiation and had opinions, about half
the respondents said they were likely to purchase these foods. Of the half who would not, most felt that
the foods were dangerous but needed more information to be sure.

Would labeling food as irradiated make any difference to your attitude? Consumers generdly felt
that irradiated food should be labeled as such , but there was no clear indication that this meant that
they would tend to buy more of the labeled food. Those who considered irradiated food a hedlth
hazard said that labeling would make no difference.

Would you pay more to obtain the benefits of irradiated foods? When asked the generd question
in one survey, more said they would not then those who said they would. When asked about specific
foods in other surveys the reaction was different. 60% to 80% said they would pay more for a
reduction of bacteriain chicken or beef, areduced risk of trichinosisinfection in pork, or extended shelf
life of Srawberries, peaches and mushrooms.

2. American Consumer Attitude Toward Irradiation of M eat

The American Meat Indtitute published in November 1993 the results of an important three-
part study of consumer atitudes toward irrediated meat. The study included a nationwide telephone
survey by The Gdlup Organization, a series of focus groups conducted by Abt Associates, and a
grocery store shopping smulation test by the Center for Food Safety and Quality Enhancement at the
Univergty of Georgia

“Commercia Food Irradiation, Market Tests, and Consumer Attitiude Research - Summary Tables’,
Michelle Marcotte, Prepared for UN Environment Program, Methyl Bromide Technica Options
Committee, February 1994.



Concern about food safety and safety of food processing techniques. High leves of
concern about food safety were found in both the Gallup survey and the Abt Associates focus groups.
The Gallup study found more concern over bacteria-destroying food preservation techniques such as
chemica trestments (like chlorination) and irradiation, than about the more familiar pasteurization,
canning, fermentation, and freezing processes. The Abt Associates and University of Georgiawork
indicated greater concern by consumers over the presence of drug residues and hormones in mest than
inirradiaion.

Knowledge about food irradiation. Gallup found that 73% of respondents had heard of
irradiation, haf were aware of it but did not know much about it, and only 19% said they knew
something about it. Consumers were most concerned about perceived negative hedth effects of
irradiation, such as birth defects, environmenta pollution, and reduced level of nutrients and vitamins.
After being informed that the process kills bacteria and had been approved by the FDA and the World
Hedlth Organization, more than 40% considered irradiation necessary for pork, poultry, and seafood,
36% said it was necessary for beef, and 23% said so for fruits and vegetables.

Purchaseintent. When the benefits of irradiation -- bacteria eimination and preservation of
freshness -- were explained, about half of the respondents said they would buy irradiated food
products. Poultry (52%) was the largest category, followed by beef, pork, fruit and vegetables, and
segfood. The shopping store smulation showed that the proportion of shoppers who would buy
irradiated beef went up from 52% to 71% after hearing a brief educationd message on the benefits of
irradiation.

Third party endorsement. Independent endorsement of the safety of irradiation increased
consumer confidence. The American Medical Association’s endorsement had the grestest impact,
followed by the FDA, USDA, and World Hedlth Organization.

3. Thelowa State University Study

The most recent mgjor study on consumer acceptance was carried out by lowa State
University in 1995.2°  Subjects were 80 women and 51 men of between 18 and 77 years of age, with
amedian family income of $52,500, of which 103 had at least afour-year college degree -- thusa
rather specia group. About 53% had some prior knowledge of food irradiation. Acceptance of food
irradiation was measured by four variables: (1) opinion of food irradiation, (2) perceived hedth risk, (3)
activiam (liklihood of actively opposing food irradiation), and (4) taste.  Participants were given a
three-page paper which presented arguments for and against food irradiation and saw a video which
also presented both sides.

Aninitid questionnaire measured food safety concern by asking about the perceived liklihood
of harmful effects from food additives, level of concern about food safety , perceived control over the

“Socid Demographic and Attitudinad Determinants of Consumer Acceptance of Food Irradiation”,
Sapp, Harrod, and Zhao, in Agribusiness, Val. 11, No. 2 (1995)



risk of eating irradiated food, trust in government and industry, response to the opinion of scientists, and

response to views of consumer advocate groups. Afterward, participants exchanged viewsin smdl

discussion groups before completing afind questionnaire. (The discussion within the groups was

designed to duplicate the effect of sharing opinions among consumers.) Findly, participantstook part in

ablind taste test in which they were asked to detect any perceived differences between irradiated and

non-irradiated roast chicken pieces. Results, summarized below, were not dways what had been

expected.

< Opinion of food irradiation was dightly positive (11 on ascae of 1 to 20) at the outset, and
increased only dightly after presentation of information for and againgt irradiation.

< Group discusson resulted in a convergence of views, i.e. differences were reduced after exchange
of views.

< Therewaslittle Sgnificant effect on responses due to whether respondents had prior knowledge of
or concern about irradiation.

< Madeshad adgnificantly higher opinion and lower level of perceived hedth risk and tendency
toward activism than females regarding food irradiation.

< Opinions of consumer advocates and trust in government and industry were the key determinants
of consumer acceptance.

< Results support the hypothesis that negative information (from consumer advoceates) carry
disproportionate weight in influencing consumer acceptance.

The study concludes that it will continue to be necessary to provide information to the public on
research on the benefits of food irradiation. Publications should “actively chalenge the qudifications
and moativations of irregponsible advocacy groups’, and should “ regffirm the credibility of government
and industrid organizations responsible for food irradiation”. In the latter connection, educationa
messages should address not only the findings of research but the rigorous procedures involved in
producing and evauating findings by scientists, regulatory agencies, and irradiation processors.

In connection with the above findings, an interesting result of a 1989 survey by Bord and
O’ Connor?* based on focus groups was that individuals were actually more favorable toward
irradiation than they thought that other people were. This corresponded to findings from studies of
focus groups by the same authors to the effect that negative comments dominated discussion. They
speculated that this occurred because some people were hesitant to appear too positive in the face of
negative views expressed by others. (Further speculation by one author of this report is that those with
negative views are often those who see thingsin smpligtic terms and express their views very srongly,
making others with less strongly held views hesitant to disagree.)

4. Consumer Surveys Outside the United States

The document prepared for the UN Environment Program in 1994 (see Footnote #2) includes
results of seven consumer surveys carried out in countries outsde the U.S. They can be summarized as

Bord, R. And R.E. Connor, Who Wants Irradiated Food?: Untangling Complex Public
Opinion,Food Technology, 43, 87, (1989)




follows

Argentina: 90% of those surveyed said they would purchase irradiated food.

Australia: 62% said they would not purchase irradiated food, mostly because of health concerns,
though 60% of them said it was because of insufficient knowledge of the process.

Canada: In a1988 survey, 1/3 said they had afavorable opinion of irradiation and 1/3 had an
unfavorable opinion. However, 40% of those who had heard of the process, preferred it over the use
of chemica preservatives. Another survey in 1993 found 51% were doubtful about the safety of
irradiated foods, 26% unsure, and 23% confident in its safety.

China: 1n 1991, 72% of those surveyed were willing to buy irradiated foods. Among those with
misgivings about these foods, a high proportion said that their doubts were removed after seeing
information about the process.

Korea: 37% would buy irradiated foods, while 51% needed more information before deciding.
Mexico: After receiving information on the process, 62% said they would et irradiated foods, 17%
said they would not edt it, and 20% were unsure.

Netherlands: A 1988 survey found 56% againgt irradiation and 34% neutral on the subject. Ina1992
survey, 39% had positive comments, and 29% were negative. When asked if they would buy
irradiated food, 1/3 said they would and another 1/3 said they would not.

The above surveys dedlt with attitudes toward irradiated foods in generd and found, on balance,
that the mgority still had negative fedings about irradiation.. It isinteresting to note, however, that
attitudes toward irradiation of certain types of food were consderably more positive. For example,
90% of respondents in a Polish survey would purchase irradiated potatoes. In China, asimilar 90%
would buy irrediated gpples. Thiswastrue aso in U.S. surveys, where 80% of respondentsin one
survey would buy irradiated papaya and 54% would prefer irradiated to fumigated tropica fruit.



APPENDIX C
COMPARATIVE COSTS OF GREY STAR AND NORDION IRRADIATORS

Table4.1
Gray*Star Costs (*¥Cesium) vs. Nordion (%°Cobalt) Irradiators

Cedum S0Cobadlt

Product Ibslyr centsllb crossover*lbs _daysyear
Poultry 23,300,000 1.28 154,000,000__ 350__
Potatoes 70,500,000 0.38 443,000,000 130
Papayas 50,000,000 0.49 333,000,000 270
Mangoes 36,900,000 0.54 326,000,000 150
Cherries 11,700,000 1.67 107,000,000 60
Onions 49,200,000 047 337,000,000 84

* Crossover pounds = the amount required to beirradiated by Nordion ®Cobalt irradiator to get the same cost/Ib as
from Grey* Star system (from cost calculations developed by Gray* Star).



Bibliography

Abt Associates with The Gallup Organization and The Center for Food Safety and Quality

American Society for Testing and Materials. Standard Practice for Application of

Enhan
cemen
t- The
Univer
sity of
Georg
ia. A
Study
of
Consu
mers’
Aware
ness,
Knowil
edge
and
Attitud
es
Towar
d the
Proce
ss of
Irradia
tion.
Ameri
can
Meat
Institut
e,
Nove
mber,
1993.

Dosim
etry in
the
Chara
cteriza
tion
and
Opera



tion of
a
Gam
ma
Irradia
tion
Facilit
y for
Food
Proce
ssing.
Dece
mber
1987.

American Society for Testing and Materials. Standard Guide for Selection and
Application of Dosimetry Systems for Radiation Processing of Food. July 1989.

Amico, Paul J., Maria Lopez-Otin, Fred Reeve. Biology and Medicine: Food Irradiation.
Transactions of the American Nuclear Society. ISSN: 0003-018X. Vol. 71 (1994).

Chappie, Alan. “Bye, Bye Bacteria”, Nuclear Energy, 1993 Third Quarter.

Corrigan, J.P. Experience in Selling Irradiated Foods at the Retail Level. IAEA-SM328-
7.

Commission for Technical Cooperation With The World Bank. Review of Food Policy
Option
s and
Agricu
[tural
Sector
Refor
ms.
Joint
Report
to the
Russi
an
Feder
ation
and
Memb
ers of
the



Comm
onwea
Ith of
Indepe
ndent
States
. The
World
Bank,
Washi
ngton
DC,
March
1992.

Committee for Agriculture. The Soviet Agro-Food System and Agricultural Trade:
Prospects for Reform. Paris, November 1991.

European Bank for Reconstruction & Development with The World Bank. Soviet Food
Supply and Distribution Overview of Transport and Logistics Support Systems.
Volume II: Main Report. March 1992.

Gibson, Richard and Rose Gutfeld. “Irradiated Food Shows New Signs of Life”, Wall
Street
Journ
al,
March
1,
1993

Greenhalgh, Geoffrey. “Arguing the case for irradiated food”, Nuclear Engineering Intern
ationa
l,
Dece
mber
1992

International Atomic Energy Agency. Cost-Benefit Aspects of Food Irradiation
Processing. Vienna, 1993.

International Atomic Energy Agency. Food Processing by Irradiation: World Facts and
Trends. IAEA News Features, No. 6. Vienna, Austria. December 1989.

Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture International
Atomic Energy Agency. Supplement to Food Irradiation Newsletter. ISSN 1011-



2588. Food Irradiation Newsletter, Vol 15, No. 2, October 1991.

Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture International
Atomic Energy Agency Food Irradiation Newsletter, Commercialization of Food
Irradiation. Vol. 10, No. 2. November 1986.

Loaharanu, Paisan. Food Irradiation in Developing Countries: A Practical Alternative.
IAEA Bulletin. January 1994.

Marcotte, Michelle. Commercial Food Irradiation, Market Tests and Consumer Attitude
Research - Summary Tables. February 1994.

Moy, Gerald Dr. Foodborne Disease and the Preventive Role of Food Irradiation. Topical
Report, IAEA Bulletin, April 1992.

OECD. The Soviet Agro-Food System and Agricultural Trade: Prospects for Refor
m.
Paris,
1991

Sapp, Stephen G.; Harrod, Wendy J.; Zhao, LiJun. Social Demographic and Attitudinal
Determinants of Consumer Acceptance of Food Irradiation. Agribusiness, Vol 11,
No. 2, 117-130 (1995).

Satin, Morton. 1993. Food Irradiation: A Guidebook. ISBN No. 1-56676-037-2. 1993.
Scheid, Jon F. U.S. Poultry industry beginning to consider product irradiation.
Feedstuffs: The Weekly Newspaper for Agribusiness. Volume 67, Number 7. February
1995

Thayer, D.W. Food Irradiation: Benefits and Concerns. U.S. Department of
Agriculture, Eastern Regional Research Center, January 1990

World Bank. Food and Agricultural Policy Reforms in the Former USSR. An Agenda
for the Transition. ISSN: 1014-997X. 1992.

World Health Organization. Safety and Nutritional Adequacy of Irradiated Food. ISBN: 92-
4-156162-9. Geneva, 1994.

World Health Organization. Food Irradiation: Added Value Not Risk. Press Release
WHO/35, May 1992.

World Health Organization/FAO. Food Irradiation: A Technique for Preserving and
Improving the Safety of Food.



